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The short-term effect of natural disasters has
received considerable attention from the pub-
lic health community.'~® Disasters can have
devastating economic consequences and a
substantial impact on the incidence of disease
and injuries.

Natural disasters are shocks to both the
supply and demand of health services. On the
supply side, natural disasters can profoundly
affect the delivery of services; facilities may
experience diminished staff levels and capac-
ity because of damaged buildings and sup-
plies. Supply-side shocks reduce service avail-
ability, an effect mitigated somewhat as
temporary services become available. For ex-
ample, Alson and colleagues examined ser-
vices provided by a temporary field hospital
after Hurricane Andrew’ and found that most
services provided were not storm related but
were routine medical services.

Demand-side shocks from natural disasters
can either increase or decrease demand for
care; short- and long-term effects may be dif-
ferent. Disasters can increase disease and in-
jury incidence and acute levels of distress,®*
thereby increasing service demand. Disasters
can reduce demand as the costs of travel to
facilities increase; time costs generally in-
crease owing to competing needs such as
home reconstruction, and the provision of
substitute low-cost services increases.

The long-term effects of natural disasters
on the use of medical services are not easily
determined or well studied. One of the few
extant reports examined changes in health
care use resulting from the 1968 floods in
Bristol, England"; it found significantly more
hospital use during the year after the floods
by residents with flooded houses than by
those in the control group. Abrahams and col-
leagues found that after an Australian flood,
the percentage of persons consulting their
physician 3 or more times during the year fol-
lowing the flood was significantly higher than
in a matched control group.*
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claims and enrollment data.

We report here on the impact of a natural
disaster, Hurricane Floyd, which affected North
Carolina and other US states. We determine
the effect of the hurricane and flooding on
Medicaid enrollment and use of health services
among Medicaid enrollees in the most severely
affected North Carolina counties. Specifically,
we (1) assess the impact of Hurricane Floyd on
Medicaid enrollment, (2) determine its impact
on the use of health services by Medicaid en-
rollees, and (3) examine trends in use in the
weeks, months, and year after the hurricane.

HURRICANE FLOYD

Hurricane Floyd hit eastern North Carolina
on September 15, 1999, dropping almost 20
inches of rain in certain areas. The flooding
was the worst natural disaster ever to hit
North Carolina.” Fifty-one lives were lost.™
Within 48 hours of the hurricane’s arrival,
250 roads were closed”® and 50 000 people
were housed in 235 shelters.”® More than
67 000 homes were damaged and about
8000 homes destroyed." Hurricane Floyd
caused an estimated $6 billion in damage,
and more than 87 500 people registered with
the Federal Emergency Management Agency
(FEMA).”® FEMA and the Economic Develop-
ment Administration designated 44 out of
100 North Carolina counties as being sub-
stantially affected by the flooding."”

Objectives. We measured the effect of Hurricane Floyd on Medicaid enrollment and
health services use in the most severely affected counties of North Carolina.
Methods. We used differences-in-differences models on balanced panels of Medicaid

Results. Overall spending per enrollee showed little short-term effect but demon-
strated a moderate increase 1 year after the storm. We found very modest short-term
increases in Medicaid enroliment, a small long-term decrease in enroliment, and large
increases in the long-term use of emergency room and outpatient services.

Conclusions. Our findings suggest that hurricane victims experienced substantial
changes in patterns of care that endured for much longer than the initial crisis period.
These findings can have important implications for the management of disaster relief
for this population. (Am J Public Health. 2003;93:1122-1127)

A variety of medical and public health re-
sponses during and immediately after the dis-
aster have been documented.” ™ A survey of
18 hospital emergency rooms (ER) in eastern
North Carolina found increases in suicide at-
tempts, dog bites, febrile illnesses, basic med-
ical needs, and dermatitis during the first
week following the hurricane."” After the
flooding, substitutes for traditional health care
services became available, including an emer-
gency pharmaceutical and medical supply hot
line set up to distribute donated pharmaceuti-
cals and medical supplies.”

Some research has reported demand-side
shocks resulting from Hurricane Floyd. Using
a convenience sample of health care users in
eastern North Carolina 4 months after the
storm, Curry and colleagues found that about
20% of respondents reported worsening
health problems and barriers to health care
including transportation difficulties and diffi-
culty finding time for clinic visits.?° Little re-
search, however, has examined the impact of
disasters on actual use of health services or
on enrollment levels in health insurance
plans. Furthermore, little has been done to ex-
amine the impact of disasters on health care
use among vulnerable populations. One might
expect, for example, that enrollment in Medic-
aid, an important part of the medical safety
net, would increase during economic crises.
Resulting patterns of use are unknown, but
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they have important implications for disaster
relief, particularly for vulnerable populations.

DATA AND METHODS

Data

We used Medicaid claims and enrollment
data from the North Carolina Medicaid pro-
gram for July 1998 through December 2000.
Claims data include information on all ser-
vices reimbursed through the North Carolina
Medicaid program. We excluded participants
from the State Children’s Health Insurance
Program (SCHIP) and the residents of 1
county (unaffected by the hurricane) that uses
capitated health maintenance organization
(HMO) contracts.

We examined the impact of Hurricane
Floyd on inpatient, outpatient, ER, nursing
home, and prescription drug use and expendi-
tures. Inpatient, nursing home, and outpatient
visits were identified by claim type according
to a variable in the claims data. Outpatient
visits were identified as unique combinations
of enrollee identification number, provider
identification number, and date of service, ex-
cluding monthly case management fees not
tied to use. ER claims were identified through
procedure codes or through service category
codes; whereas either inpatient or outpatient
visits could be ER visits, inpatient and outpa-
tient visits themselves were mutually exclu-
sive. Prescription drugs were not included in
outpatient totals. Total expenditures include
all of the above categories and others (e.g.,
home health, dental).

Users of all types of services, a subset of all
enrollees, were identified as persons for
whom any nonzero amount was paid by Med-
icaid during the study period.

The 100 counties of North Carolina were
separated into 3 groups according to FEMA’s
assessment of hurricane impact”: severely af-
fected counties (14), moderately or minimally
affected counties (30), and the remaining 56
“unaffected” counties (Figure 1). This classifica-
tion scheme may imperfectly classify counties.
Many counties not classified as severely af-
fected nevertheless suffered considerable dam-
age; 66 total counties were federal disaster
areas. In addition, we were unable to identify
specific individuals who were directly affected
by the storm. Because our control counties are
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Il Severely affected counties (14)
[ | Moderately/minorly affected counties (30}
[ ] Counties not affected

not homogenous in their exposure to the hurri-
cane, results using the combined set of unaf-
fected and moderately affected counties may
understate true differences in exposure be-
tween those counties severely affected and
those completely unaffected. We therefore
present a second set of results using only non-
affected counties as controls. Use was tied to
the county of enrollee residence, not the
county in which services were provided.

We aggregated claims files into county-level
monthly and weekly files. Monthly county
data include the total number of Medicaid en-
rollees, total medical expenditures, total num-
ber of visits or inpatient days reimbursed by
Medicaid, and total number of service users.
We used monthly data from July 1998
through September 2000, covering the period
14 months before the hurricane to 12 months

FIGURE 1—Map of North Carolina showing counties that experienced moderate or severe
damage from Hurricane Floyd in September 1999.

after. We also used weekly data to examine
time trends over a shorter 21-week period
from July 4, 1999, to November 27, 1999.

Figure 2 shows average spending per en-
rollee for the 3 types of counties. Several
points are noteworthy. First, time trends are
very similar across county types. Second, se-
verely affected counties are similar to moder-
ately affected counties in average spending
before the storm but approach the higher
level of spending in the unaffected counties
before the storm. This pattern affects our
choice of functional form of the time trend in
the regression model, discussed below.

Methods

We ran all regression models on dependent
variables that reflect use or expenditures per
enrollee by means of ordinary least squares
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FIGURE 2—Average spending per Medicaid enrollee before and after Hurricane Floyd in
severely affected, moderately or minimally affected, and unaffected counties of North Carolina.
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TABLE 1—Variable Means in Affected and Unaffected North Carolina Counties Before and After Hurricane Floyd
Monthly Average Before Hurricane Monthly Average After Hurricane Change
14 Severely 14 Severely 14 Severely Percentage Point
Affected 85 Control Affected 85 Control Affected 85 Control  Difference-in-Difference:
Counties Counties Counties Counties Counties, %  Counties, % Case-Control/Ratio
Medicaid enrollees™ 10869 (5049) 8331 (8293) 11067 (5126) 8628 (8550) 1.8 36 -1.7/0.5
Enrollees per capita® 0.17 (0.039) 0.14 (0.052) 0.17 (0.037) 0.14 (0.052) 0.0 0.0 0.0/1.00
Total expenditures per enrollee,”” $ 366.81 (36.96) 407.94 (58.27) 395.66 (38.27)  429.78 (60.36) 79 5.4 25/1.46
User/enrollee ratio®” 0.52 (0.13) 0.57 (0.13) 0.47 (0.028) 0.49 (0.041) -9.6 -14.0 4.4/0.69
Emergency room
Expenditures per enrollee,” $ 9.46 (2.08) 10.0056 (3.74) 10.33(2.30) 10.71 (3.50) 9.2 7.0 22/1.31
Expenditures per visit,” $ 102.44 (18.57) 99.06 (32.95) 107.02 (18.09) 110.01 (34.053) 45 111 -6.6/0.41
Visits per enrollee® 0.095 (0.023) 0.104 (0.028) 0.098 (0.021) 0.010 (.025) 32 -90.4 93.5/-.035
Outpatient
Total expenditures per enrollee,* $ 115.77 (21.0072) ~ 135.94 (31.15) 127.17 (22.99) 144.13 (33.47) 9.8 6.0 3.8/1.63
Total expenditures per visit,*® $ 70.25 (5.26) 75.51 (10.71) 76.71 (5.14) 79.26 (8.92) 9.2 5.0 4.2/1.84
Total visits per enrollee™ 1.66 (0.36) 1.89 (0.43) 1.66 (0.28) 1.82(0.39) 0.0 -3.7 3.7/0.0
Hospital expenditures per enrollee,** $ 23.53 (5.57) 26.09 (6.11) 26.41 (6.69) 27.95 (11.47) 12.2 7.1 5.1/1.712
Hospital expenditures per visit,” $ 153.46 (19.11) 154.55 (38.09) 165.78 (21.94) 159.60 (57.45) 8.0 33 4.8/2.42
Hospital visits per enrollee®” 0.15 (0.031) 0.17 (0.041) 0.16 (0.035) 0.18 (0.045) 6.7 5.9 0.8/1.14
Inpatient expenditures per enrollee, $ 63.46 (15.15) 63.55 (21.51) 63.48 (17.13) 61.60 (20.06) 0.0 -3.1 3.1/0.0
Nursing home expenditures per enrollee,*” $ 38.75(19.83) 52.64 (32.86) 19.68 (11.85) 28.93 (25.60) -49.2 -45.0 -4.2/1.09
Prescription drug expenditures per enrollee,*” $ 54.72 (10.66) 60.13 (14.44) 71.19 (12.97) 77.53 (15.74) 30.1 28.9 1.2/1.04
Note. Standard deviations are given in parentheses.
2p<.05 for comparison of 14 flooded counties with 85 nonflooded counties before the hurricane.
®p<.05 for comparison of 14 flooded counties with 85 nonflooded counties after the hurricane.
regression analysis. Dependent variables and after the hurricane (October—December RESULTS

means appear in Table 1. We used county and
time fixed effects to control for effects that
were either constant within counties over time
or constant within each time period statewide,
and we included a separate linear time trend
for severely affected counties to control for
prestorm trends. Models were weighted ei-
ther by total county population in 1999 (en-
rollment models) or by total number of Med-
icaid enrollees in each county in each time
period (all other models). We adjusted stan-
dard errors for heteroskedasticity, using a
Huber—White correction. The very high R* in-
dicates that the reported linear models fit the
data better than the log-linear models when
we used the test proposed by Wooldridge.**
The variables of interest are the interaction
between the indicator variable for the 14 se-
verely affected counties and the relevant
time period. Four time periods are reported
in the monthly regression table (Table 2):
the first month after the hurricane (October
1999), the first 2 months after the hurricane
(October—November 1999), the first 3 months
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1999), and the first year after the hurricane
(October 1999-September 2000). Only one
Time Period x 14-County Indicator Variable
interaction is used in each model. We present
the models first with both moderately affected
and unaffected counties used as controls and
then with only unaffected counties used as
controls. We further explore selected results
using weekly data (results not reported). Rele-
vant time periods here are not cumulative, as
in the monthly tables, but instead are used to
show interactions between the 14-county vari-
able and the indicators for the week of the
hurricane and the 3 subsequent weeks. The
interpretation of the coefficient of the variable
of interaction for this table is the change in the
relevant dependent variable during the rele-
vant period associated with the hurricane over
the level that would have been predicted in its
absence. A danger of this approach is that if
unrelated events occurred disproportionately
during the posthurricane period in these 14
counties, the effects of these events may erro-
neously be attributed to the hurricane.

Table 1 contains the means of monthly var-
iables used in the analyses. Means are pre-
sented separately for the severely affected
counties and for all other counties, for the pe-
riods before and after the hurricane. Service
use per enrollee was somewhat higher in the
control counties than in affected counties, al-
though some differences disappeared after
the hurricane. These differences indicate the
need to control for trends in use that began
before the hurricane; in all reported regres-
sion models, we controlled for these effects
by using county-specific indicator variables,
monthly fixed effects, and a separate linear
time trend for affected counties.

Table 2 provides coefficient estimates from
the fixed effects regressions on monthly data
described above. As can be seen from the
first row of data, in the first month after the
hurricane, an average increase in Medicaid
enrollment of 112 persons was observed over
what would be predicted had the hurricane
not occurred, whereas there was an increased
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enrollment of 136 persons over trends based
on unaffected counties only. In the discussion
below, we mention only the effect over the
full set of counties when the level of impact is
similar and identify discrepancies between the
2 sets of estimates. The 81-person increase
predicted in the first 2 months (third column)
indicates that the average enrollment increase
in the second month was smaller than that in
the first month. Although the data on which
these models were run constitute the entire
population of North Carolina Medicaid en-
rollees and users (thus making statistical tests
of significance less critical than if we had sam-
pled enrollees), conventional measures of sta-
tistical significance are reported, since the
data may be construed as a sample of the
population of Medicaid enrollees across states
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and time. The last column indicates that dur-
ing the first year after the hurricane, the 14
counties each experienced an average de-
crease in enrollment of 91 people per month
over what would have been predicted had the
hurricane not occurred.

These modest increases (approximately
19%) in Medicaid enrollment during the short-
term period of 3 months after the storm, and
decreasing Medicaid enrollment in the long
run, were somewhat surprising and contrary
to our hypothesis. This finding was consistent
for elderly and disabled enrollees (not re-
ported). Temporary Assistance for Needy
Families (TANF) enrollees, despite the exten-
sion of TANF eligibility after the storm, and
Medical Assistance for Families enrollees ex-
hibited declines of 2% to 5% in the severely

TABLE 2—Estimates of Hurricane Floyd’s Effect on North Carolina Medicaid Enroliment and Use From Regression Models:
Monthly Unit Change After Hurricane in 14 Severely Affected Counties in North Carolina
First Month First 2 Months First 3 Months First Year
Moderately Moderately Moderately Moderately
Affected and Unaffected Affected and Unaffected Affected and Unaffected Affected and Unaffected
Unaffected Controls Unaffected Controls Unaffected Controls Unaffected Controls
Measure Controls Only Controls Only Controls Only Controls Only
Medicaid enrollees® 112.39** (45.99)  136.03*** (49.46)  81.25** (37.55)  92.66** (40.55) 70.97** (33.74)  68.15* (35.42) -90.97** (44.97)  -116.76** (46.92)
Total expenditures per enrollee 0.93(3.80) 254(4.22) -1.53(3.94) -1.24 (4.83) -0.093 (3.26) -0.64 (3.80) 7.14* (3.70) 5.28 (4.05)
User/enrollee ratio 0.0071(0.020)  0.013(0.022) 0.0084(0.015)  0.013(0.016)  0.0068 (0.012) ~ 0.010(0.013)  0.015(0.016) 0.018 (0.017)
Emergency room
Expenditures per enrollee 0.63** (0.30) 0.76** (0.30) 0.51**(0.22) 0.80***(0.21)  0.19(0.19) 0.39**(0.19)  0.79***(0.27) 0.69*** (0.26)
Expenditures per visit -2.77 (2.06) -2.82(2.13) -4.98*** (1.58)  -3.66** (1.54)  -3.76**(1.63)  -2.75*(1.62)  -1.00(2.02) -4.07** (1.97)
Visits per enrollee 0.0078*** 0.0095*** 0.0091*** 0.0108*** 0.0056*** 0.0066*** 0.0084*** 0.0103***
(0.0019) (0.0019) (0.0016) (0.0016) (0.0016) (0.0017) (0.0021) (0.0022)
Outpatient
Total expenditures per enrollee 0.2 (1.15) -0.15 (1.34) -1.82 (2.05) -3.11(3.13) -2.00 (1.46) -2.88(2.17) 4.80*** (1.64) 3.76* (2.07)
Total expenditures per visit -0.084 (1.10) -0.45 (1.25) -1.49 (1.24) -2.16 (1.67) -1.64* (0.93) -2.07*(1.21) 0.11(1.09) -0.40 (1.23)
Total visits per enrollee 0.0076 (0.024)  0.012(0.027) 0.016 (0.019) 0.018(0.020)  0.014(0.016) 0.014(0.018)  0.072***(0.023) 0.077*** (0.025)
Hospital expenditures 1.83**(0.76) 1.90** (0.83) -0.82 (1.94) -1.63(3.01) -0.75(1.31) -1.15(2.03) 0.49 (0.99) -0.047 (1.47)
per enrollee
Hospital expenditures per visit ~ 1.52(3.99) -0.23 (4.20) -11.52 (8.70) -16.61(13.34)  -9.16(5.99) -12.57 (9.07) -1.13(4.95) -5.03 (6.85)
Hospital visits per enrollee 0.0085*** 0.0108*** 0.0091*** 0.0110%** 0.0060*** 0.0082*** 0.0072%** 0.0090%***
(0.0023) (0.0022) (0.0017) (0.0017) (0.0016) (0.0016) (0.0021) (0.0022)
Inpatient expenditures per enrollee  1.56 (4.12) 352 (4.36) -0.004 (2.85) 1.20 (3.06) 3.31(2.70) 3.45(2.80) 1.13(3.28) -0.21 (3.40)
Nursing home expenditures 0.76 (3.81) -1.16 (4.17) 1.81(2.79) 1.46 (2.98) 0.52 (2.16) 0.89(2.29) -3.04(2.91) -353(3.21)
per enrollee
Prescription drug expenditures 0.59 (0.80) 0.85(0.83) 0.86 (0.94) 0.99(0.97) 0.67 (0.96) 0.58 (0.99) 153*(0.92) 1.65* (0.94)
per enrollee
Note. Each entry is the coefficient estimate on the interacted 14-county-posthurricane indicator for the relevant time period from a separate differences-in-differences model. The R%s for all models
reported are always greater than 0.93. Robust standard errors (in parentheses) are adjusted for heteroskedasticity by use of a Huber-White correction. All models also control for county and time
fixed effects and for a separate time trend in severely affected counties.
*Weighted by county population in 1999.
*P<.1; ** P<.05; ¥4+ P<.01.

affected counties. Only children enrolled in
the Infants and Children program showed sig-
nificant enrollment increases (4% per month)
in the short run.

We investigated enrollment further by ex-
amining the role that out-migration may have
played. We find no evidence of disproportion-
ate migration from these 14 counties into
other North Carolina counties after the hurri-
cane; migration to other states is unobserv-
able in these data. We also examined the per-
centage of outpatient visits to providers
outside enrollees’ county of residence to de-
termine whether out-migration from these
counties occurred without an update in the
enrollment file. Enrollees would increase their
visits to providers out of their county of resi-
dence if in fact they had moved out of county
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and obtained services in their new county of
residence. We found no disproportionate in-
crease in out-of-county use. No reasonable
monthly estimates of total county population
could be obtained, so we cannot rule out a
large decrease in the number of residents in
these counties after the flooding. If out-
migration occurred in the general population,
actual Medicaid enrollment rates could have
increased. We did find disproportionately
higher first-time enrollment (7.3% increase)
after the flood than before the flood.

From Table 2, we see that total expendi-
tures per enrollee show little change during
the first 3 months after the storm, but an av-
erage spending increase of $7.14 per enrollee
each month is observed during the first full
year after the storm. The ratio of users of any
type of service to total enrollees shows virtu-
ally no change in the short or long run, sug-
gesting that the hurricane had negligible im-
pact on total access to services, although the
remaining results show that patterns of care
changed substantially.

As expected, ER expenditures per enrollee
increased immediately after the hurricane by
less than a dollar per enrollee (7%), but this
rate declined over the first 3 months. One
year after the disaster, however, ER expendi-
tures were still $0.80 higher per enrollee (8%)
than would be predicted without the hurri-
cane. The second ER row of Table 2 shows
the effect of the hurricane on expenditures
per ER visit. Average cost per visit decreased
after the hurricane in the 14 counties, proba-
bly indicating a shift toward relatively “low-
tech” visits (to be expected in response to
minor flood-related health conditions) perhaps
owing to the substitution of the ER for pri-
mary care services. A competing explanation
suggests that an increase in ER visits occurred
at hospitals with lower costs per visit. At 1
year, average spending per ER visit returned
to just $1.00 less than the level experienced in
all other counties, but it was $4.07 lower than
spending in unaffected counties. There were
substantial increases in ER visits per enrollee
both during the first 3 months and throughout
the first year after the hurricane (6%—-10%).

Outpatient expenditures per enrollee re-
mained stable during the months after the hur-
ricane, with a small decline in months 2 and 3.
During the first year after the hurricane, there
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was a $4.80 average monthly increase in
spending over what would have been pre-
dicted without the storm. Outpatient spending
per visit showed a small decline in the short
run and very little long-term change, suggest-
ing that the intensity of outpatient visits re-
mained fairly constant. Most surprisingly, virtu-
ally no short-term change in the number of
outpatient visits per enrollee was seen to result
from the storm. This suggests that increased
ER use was not owing to the substitution of
ER visits for outpatient visits, which would
have been the case if physician office and out-
patient facility closures reduced outpatient ca-
pacity. We did find a small long-term increase
(4.3%) in outpatient visits per enrollee.

Hospital outpatient expenditures and visits
per enrollee show a pattern similar to that of
ER visits, except at a lower magnitude. Hospi-
tal outpatient spending per visit shows large
declines during the second and third months
after the hurricane but little change on aver-
age over the first full year. Again, this pattern
indicates that although the intensity of initial
hospital outpatient visits (measured in dollars)
decreased initially, visits became more inten-
sive at some point between 4 and 12 months
after the storm; thus, the overall effect was
near zero.

Inpatient expenditures per enrollee show
moderate but insignificant increases after the
hurricane, over both the short and long run.
Nursing home expenditures show very little
short-term effect but a fairly large long-term
decrease. Prescription drug expenditures
show constant small increases after the hurri-
cane (1%) that persist in every period re-
ported; only the long-term model shows a sig-
nificant increase in monthly spending per
enrollee ($1.53-$1.65).

Because of the dramatic changes that oc-
curred in these 14 North Carolina counties
within a short time, we examined use and
costs on a weekly basis to detect changes dur-
ing early recovery stages (results not re-
ported). Because the major impact of the
storm was extensive flooding, we hypothe-
sized that use would initially decrease but
then gradually increase as roads opened up
and facilities recovered.

Surprisingly, we found virtually no change
in ER admissions during the first 4 weeks
after the storm. However, consistent with re-

sults reported earlier, there was a 4% to 7%
increase in ER visits over the first 11 weeks
in affected counties.

Inpatient admissions show an initial de-
crease of 5.2 admissions per 10 000 enrollees
(8%) during the week of the storm but other-
wise show little response to the storm. Nurs-
ing home admissions show small increases,
the largest increase (3.4 additional admissions
per 1000 enrollees) occurring during the
week after the storm, but a moderate long-
term increase as well. The numbers of inpa-
tient and nursing home days per enrollee
show patterns similar to those of admissions.

Finally, we examined the effect of the hur-
ricane on drug prescriptions financed by
Medicaid. We found a large decrease of 4
fewer prescriptions filled per 100 enrollees
per month (13%) during the week of the hur-
ricane and significant declines in the follow-
ing 3 weeks. At 10 weeks after the storm,
there remained a significant decrease in the
average number of prescriptions filled. Com-
parison of this decrease with the small in-
crease in prescription drug spending during
that same period indicates that filled prescrip-
tions were more expensive than average. This
finding could be owing to a decrease in the
number of prescriptions filled for older, less
expensive medications (perhaps more avail-
able through such temporary sources as the
Red Cross or donated samples) or to an in-
crease in the length of prescriptions (e.g., a
30-day vs a 15-day supply of medication).

DISCUSSION

Disasters can have profound effects on the
use of health services over both the short and
long term. These effects may be more pro-
nounced for vulnerable populations who,
even during good times, experience access
problems. The direction of these effects is not
obvious; providers and consumers may expe-
rience different consequences.

In this report, we explored the behavior
of a large, vulnerable population group, Med-
icaid enrollees. We sought to learn how
Medicaid use changes following a natural ca-
tastrophe. We hypothesized that individuals
and families previously ineligible for Medicaid
would become eligible and initiate enroll-
ment. We expected that flooding and physical
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dislocation would lead to substantial shocks
to both the demand and supply of health care
services through increases in injuries, disease
outbreaks, psychological trauma, transporta-
tion difficulties for providers and patients, and
the presence of temporary substitute services.
Because the health impact of natural disasters
may be broad, we examined use without re-
gard to diagnoses or procedures.*"

We found a modest impact on use of
health services, especially in the short run.
Increased Medicaid enrollment did not
occur. This non-increase could be an artifact
of out-migration from affected counties by
the general population, which would affect
the interpretation of this finding. We ob-
served substantial short-term increases in
emergency care and hospital-based outpa-
tient care. Special hurricane-initiated health
services and charity care not represented in
Medicaid data may account for some of the
lack of service use increase. In addition, the
presence of individuals unaffected by the
storm but residing in affected counties could
dampen the results. Furthermore, because of
logistical problems, state agencies may have
been unable to implement enrollment initia-
tives after the hurricane.

Perhaps most significantly, we found that
the hurricane had substantial long-term con-
sequences for health care use. The $7.14 in-
crease in total monthly Medicaid expenditures
indicates a more than $13.3 million increase
in state and federal expenditures resulting
from the hurricane in affected counties.
Whereas the percentage of enrollees actually
using services remained at normal levels, sig-
nificant increases in ER, outpatient, and phar-
macy use were observed 1 year after the
storm.

Although data are unavailable on health
services not financed through Medicaid, our
findings suggest that individuals in hurricane-
ravaged counties experienced substantial
changes in patterns of care compared with
their counterparts in other counties. This re-
sult held regardless of whether we compared
use in severely affected counties with use in
all other counties or only in unaffected coun-
ties. Overall, we found that the magnitude of
effects increased in almost all models when
comparisons were made with the smaller,
more homogeneous set of controls.
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Flood victims probably acted according to
their own “hierarchy of needs”; whereas
emergency and hospital outpatient visits in-
creased for acute conditions, other health
needs perceived as less urgent may have
been given lower priority than, for example,
finding shelter. Many health services were in-
accessible owing to flooding and the inability
of staff and patients to reach facilities. Al-
though we cannot draw conclusions about
population health outcomes, results from 1
year after the hurricane indicate moderate in-
creases in health service use among Medicaid
enrollees. W
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